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ABSTRACT

Gliomas account for the highest cases of primary brain malignancies. Whereas previous studies
have demonstrated the roles of CDC28 Protein Kinase Regulatory Subunit 2 (CKS2) in various
cancer types, its functions in lower grade gliomas (LGGs) remain elusive. This study aimed to
profile the expression and functions of CKS2 in LGG. Multiple online databases such as The Cancer
Genome Atlas (TCGA), the Chinese Glioma Genome Atlas (CGGA), Gene Expression Profiling
Interactive Analysis 2nd edition (GEPIA2), Tumor Immune Estimation Resource 2nd edition
(TIMER2.0) as well as Gene Expression Omnibus (GEO) were used in this study.
Immunohistochemistry (IHC) was performed to evaluate CKS2 protein expression. Our data
demonstrated upregulation of CKS2 in LGG tissues at both mRNA and protein level, especially
in grade Il gliomas. Similarly, there was increased expression of CKS2 in isocitrate dehydrogenase
1 (IDH1) wildtype gliomas. In addition, increased DNA copy number and DNA hypomethylation
might be associated with the upregulation of the CKS2 in LGG. Using the Kaplan-Meier survival
analysis and the Cox regression analysis, CKS2 was shown to be independently associated with
poor prognosis of LGG patients. Receiver operating characteristic (ROC) analysis revealed that
CKS2 could effectively predict the 1-, 3- and 5-year survival rates of LGG patients. Enrichment
analyses revealed that CKS2 was mainly involved in the regulation of the cell cycle in LGG. Taken
together, our study demonstrated that CKS2 might be a candidate prognostic biomarker for LGG
and could predict the survival rates of LGG patients.

Abbreviations: LGG: lower grade glioma; CKS2: CDC28 protein kinase regulatory subunit 2; TCGA:
The Cancer Genome Atlas; CGGA: the Chinese Glioma Genome Atlas; GEO: Gene Expression
Omnibus; GEPIA: Gene Expression Profiling Interactive Analysis; TIMER: Tumor Immune
Estimation Resource; IHC: immunohistochemistry; qRT-PCR: quantitative real-time polymerase
chain reaction; PBS: phosphate buffered saline; DAB: diaminobenzidine tetrachloride; OS: overall
survival; CAN: copy number alteration; IDH: Isocitrate dehydrogenase; GSEA: Gene Set Enrichment
Analysis; DEG: differentially expressed gene; KEGG: Kyoto encyclopedia of genes and genomes;
GO: Gene ontology; BP: biological process; CC: cellular component; MF: molecular function; NES:
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Introduction

The 2016 World Health Organization (WHO)
Classification of Tumors of the Central Nervous
System proposed a new classification method for
glioma. The classification combined molecular
characteristics and histology, which then categor-
ized grade II and grade III gliomas as well as grade
IV glioblastomas (GBMs) as diffuse gliomas [1].
Because of convergence of many features of the
grade II and grade III gliomas, they are collectively
referred to as lower grade gliomas (LGGs) [2].

Although patients with LGG have better prognostic
outcomes compared to those with glioblastomas,
they still have chances of progressing to higher
grade gliomas [3]. LGGs have highly heterogeneous
clinical features. Whereas some LGGs are not
active, other could quickly develop into glioblasto-
mas. As a result, their prognostic outcomes are
diverse, thus patients with LGG have a wide range
of survival periods [4]. Due to the wide prognostic
spectrum of the LGG patients, there is need to
accurately predict survival outcomes.
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CDC28 protein kinase regulatory subunit 2
(CKS2) belongs to the human CKS family, which
plays an indispensable role in early embryonic
development, somatic cell division as well as meio-
sis [5,6]. CKS2 has been well investigated in many
human cancer types. The previous studies showed
that CKS2 mediates the occurrence and develop-
ment of many malignancies, especially hepatocel-
lular carcinoma and breast cancer [7-11]. Besides,
knockdown of the CKS2 gene has been shown to
downregulate the expression of Cyclin A and
Cyclin Bl [12]. Interestingly, previous researches
using quantitative real-time polymerase chain
reaction (QRT-PCR) technique showed that CKS2
mRNA was overexpressed in glioblastomas, and
might be involved in the pathogenesis of glioblas-
tomas [13,14]. However, immunohistochemistry
study to evaluate the CKS2 protein expression in
gliomas has not been done so far, and the role of
CKS2 in LGG is yet to be defined as well.

We hypothesized that CKS2 was overexpressed
in LGG tissues, further leads to the poor prognosis
of LGG patients, affecting some pathways in vivo.
This study aimed to profile the expression and
functions of CKS2 in LGG. Here, we interrogated
the expression profile of the CKS2 gene in LGG
using both bioinformatics and immunohistochem-
istry assays. Besides, we assessed the prognostic
value as well as the functions of the CKS2 in
LGG. Our findings showed that CKS2 might
serve as a reliable prognostic biomarker of LGG
patients.

Materials and methods
Online data acquisition

The RNA-sequencing profile and corresponding
clinical information of the LGG patients in the
TCGA (The Cancer Genome Atlas) database was
obtained from UCSC Xena browser (http://xena.
ucsc.edu/public/) [15], which contained 529 sam-
ples of LGG. We matched each sample with its
CKS2 expression, and then excluded data that
lacked complete survival outcomes. After the
screening, a total of 506 patients were classified
as TCGA-LGG cohort (Supplementary Table 1)
and used for survival and Cox regression analyses.
We also used the Chinese Glioma Genome Atlas
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(CGGA, http://www.cgga.org.cn/index.jsp) data-
base which contained multiple datasets of gliomas,
and selected mRNAseq_325 dataset for further
analyses [16,17]. The mRNAseq 325 dataset had
a total of 182 LGG samples (103 WHO grade 1II
gliomas and 79 WHO grade III gliomas). Similarly,
samples with incomplete survival information
were excluded and remained 172 patients in the
CGGA cohort (Supplementary Table 2). Since
there were no adjacent non-tumor brain tissues
in the TCGA database, we applied the function
‘Expression DIY’ of GEPIA2 (Gene Expression
Profiling Interactive Analysis 2nd edition, http://
gepia2.cancer-pku.cn/) to conduct differential
expression analysis between tumor samples from
the TCGA database and normal samples from
GTEx (Genotype-Tissue Expression) database
[18]. In addition, we used two GEO (Gene
Expression Omnibus, https://www.ncbi.nlm.nih.
gov/geo/) datasets; GSE4290 [19] and GSE16011
[20] in the differential expression analysis (Table 1,
Supplementary Table 3). Besides, data on CKS2
methylation and its copy number alterations in
the TCGA database (Supplementary Table 4) was
downloaded from cBioPortal web server (https://
www.cbioportal.org/study/summary?id=1gg_
tcga) [21].

Patient samples

46 LGG samples (24 for grade II, 22 for grade III)
and 26 paired non-tumor tissues from patients
who were pathologically diagnosed with lower
grade gliomas between 2013 and 2019 were
obtained from the Second Affiliated Hospital of
Zhengzhou University. The samples were sub-
jected to immunohistochemistry (IHC) assays.

Table 1. Details of the two GEO datasets used in this study.

Lower
Normal ~ 9grade
brain glioma Platform
Dataset samples I Il
GSE4290 23 45 31 GPL570[HGU133_Plus_2]
Affymetrix Human Genome
U133 Plus 2.0 Array
GSE16011 8 24 85 GPL8542Affymetrix GeneChip
Human Genome U133 Plus 2.0
Array [CDF:
Hs133P_Hs_ENTREZG.cdf]
Total 31 69 116
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This study was approved by the Ethics Committees
of the Second Affiliated Hospital of Zhengzhou
University (number: 2021313).

Immunohistochemistry

The sections were placed in an oven at 56°C for
1 hour to melt the paraffin and prevent the tissues
from shedding, prior to dewaxing. The paraffin
was removed with xylene and alcohol and then
the sections were placed in sodium citrate buffer
(pH 6.0) for repair. The sections were repaired in
a pressure cooker for 5 minutes, cooled to room
temperature, and then rinsed in phosphate buf-
fered saline (PBS) for 3 times. The sections were
placed in 3% hydrogen peroxide solution and
incubated for 5 minutes at room temperature to
inactivate endogenous peroxidase in the tissues.
The sections were incubated with anti-CKS2 pri-
mary antibody (1:100, Abcam, ab155078, US) at
4°C overnight. Next, the sections were incubated
with secondary antibody for 1 hour, and then
washed 3 times in PBS, for 5 minutes each.
Thereafter, diaminobenzidine tetrachloride (DAB)
was added and then rinsed after satisfactory color
development. We then stained the sections with
hematoxylin and covered them with cover slips.
The IHC results were independently evaluated by
two experienced pathologists. The semi-
quantitative scores were evaluated based on the
percentage of positive cells: (1) 0 (<5%); 1 (5%-
25%); 2 (26%-50%); 3 (51%-75%), 4 (>75%); and
staining intensity: (2) 0 (negative); 1 (weakly posi-
tive); 2 (moderately positive); 3 (strongly positive).
The two scores were multiplied and then used as
the final IHC score [22].

Bioinformatic analysis

Based on the median expression value of CKS2, we
divided the TCGA-LGG cohort and CGGA cohort
into low and high CKS2 expression groups, respec-
tively. Kaplan-Meier analysis was used to explore
the impact of CKS2 expression on the survival of
the LGG patients. On the other hand, we con-
ducted Multivariable Cox regression analysis to
assess the potential independent prognostic value
of CKS2 in LGG. Besides, time-dependent ROC
(receiver operating characteristic) curves were

generated to evaluate the effectiveness of CKS2
and other classic indicators in predicting 1-, 3-,
and 5-year survival rates through R packages
‘survivalROC’ and ‘ggplot2’. In addition, we
applied Gene_Mutation module in TIMER2.0
database to compare the differential expression of
CKS2 between different IDH1 mutation sta-
tus [23].

Enrichment analyses

We identified the differentially expressed genes
(DEGs) (Jlog Fold Change (FC)|>1, adjusted
p value<0.05) between the high and low CKS2
expression groups as classified by the median
expression of the CKS2 gene in the TCGA data-
base, and displayed the DEGs in heatmap. Using
the DEGs, we performed Gene ontology (GO) and
Kyoto encyclopedia of genes and genomes
(KEGG) analysis. The threshold for the GO and
KEGG enrichment analysis was p < 0.05 and
q < 0.05. The results were generated and visualized
in R packages ‘clusterProfiler, org.Hs.eg.db,
enrichplot and ggplot2’ [24].

Gene Set Enrichment Analysis (GSEA) was car-
ried out between low and high CKS2 expression
groups in the TCGA database in order to evalu-
ated the potential signaling pathways and biologi-
cal functions related to CKS2 in LGG using GSEA
4.0.3 software (Massachusetts Institute of
Technology, Cambridge, MA, USA) [25]. H.all
v7.4.symbols.gmt was selected as the reference
gene set in the GSEA. The significantly enriched
signaling pathways were screened out based on the
calculated nominal (NOM) p-value, false discovery
rate (FDR) g-value and normalized enrichment
score (NES) in each pathway. We visualized the
results through R packages ‘ggplot2, plyr, grid and
gridExtra’ [26].

Statistical analysis

Wilcoxon test was used to compare the expression
of CKS2 among the two groups. The association
between CKS2 expression and multiple clinico-
pathological parameters were analyzed using
Pearson chi-square test. In addition, we performed
the log-rank test to evaluate the significance of the
difference in survival curves. A P value of less than



0.05 was considered statistically significant. All the
analyses were performed in R 4.0.3 software (R
Development Core Team, Vienna, Austria), SPSS
22.0 software (IBM Corp., Armonk, NY, USA) and
GraphPad Prism 7.0 software (GraphPad Software
Inc., La Jolla, CA, USA).

Results

We hypothesized that CKS2 was upregulated in
lower grade gliomas, especially in grade III glio-
mas, further leads to the poor prognosis of
patients. Our goal was to profile the expression
and functions of CKS2 in lower grade gliomas.
Through bioinformatic analysis and immunobhis-
tochemistry, our work demonstrated the associa-
tion between the CKS2 gene overexpression and
poor prognosis of patients. Enrichment analyses
showed that the upregulation of CKS2 might be
involved in the progression of lower grade gliomas
through multiple pathways. We showed that CKS2
could be a prognostic biomarker and might be
a potential therapeutic target in lower grade
gliomas.
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The difference in CKS2 expression in lower grade
gliomas

Multiple databases and immunohistochemistry
(IHC) were used to determine the expression of
CKS2 in lower grade gliomas and normal brain
tissues at both mRNA and protein level. Our
GEPIA2 data showed that CKS2 mRNA expres-
sion was higher in LGG tissues compared to that
in normal brain tissues (p < 0.05, Figure 1(a)). To
validate this result, we used two GEO datasets;
GSE4290 and GSE16011 for differential analysis,
which contained 23 and 8 matched normal brain
samples, respectively. CKS2 mRNA was highly
expressed in LGG tissues in the two datasets as
well (all p < 0.0001) (Figure 1(b,c)). In addition,
we conducted the IHC analysis and demonstrated
that CKS2 protein expression was higher in LGG
tissues than in normal brain tissues (p < 0.05,
Figure 1(d,e)).

To explore the differential CKS2 expression in
grade II and grade III gliomas, we analyzed the
TCGA, GSE4290, GSE16011 and CGGA datasets.
The data showed significant upregulation of the
CKS2 mRNA expression in grade III gliomas
compared to grade II gliomas (all p < 0.001,
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Figure 1. The differential expression of CKS2 in LGG tissues and non-tumor tissues. (a-c) Differential expression of CKS2 mRNA in
LGG tissues and normal brain tissues in GEPIA2, GSE4290 and GSE16011 (*P < 0.05). (d) Differential expression of CKS2 protein in
LGG tissues and adjacent normal brain tissues. (e) Representative images of the CKS2 protein expression in LGG tissues and adjacent
normal brain tissues.
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Figure 2. The differential expression of CKS2 in grade Il and grade Ill gliomas. (a-d) Differential expression of CKS2 mRNA in grade Il
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Figure 2(a)-(d)). In addition, IHC validated the
results at the protein level (p = 0.0009, Figure 2

(e,h)).

CKS2 was upregulated in IDH1 wild-type lower
grade gliomas

Compared with IDH1-wildtype, IDH1-mutation
was more frequently observed in LGG. Whereas
IDHI-mutation is a marker for better survival
of LGG patients, IDH1-wildtype predicts worse
survival [1]. We assessed the correlation
between CKS2 expression and IDH1 mutation
status. CKS2 was upregulated in IDHI1-wildtype
group in the TGGA database (p = 0.0428,
Figure 3(a)). However, unlike in the TCGA
database, there was not a significant difference

of CKS2 expression between IDHI1-wildtype
group and IDH1-mutation group in the CGGA
database (p = 0.296, Figure 3(b)). We then used
the Gene_Mutation module in TIMER2.0 data-
base for validation. The TIMER2.0 data showed
high expression of CKS2 in the IDH1-wildtype
group (p < 0.05, Figure 3(c)). Since IDHI-
wildtype status predicts worse survival of LGG
patients, CKS2 might be playing an oncogenic
role in LGG.

DNA copy number gain, DNA hypomethylation
might be related to CKS2 overexpression in LGG

We downloaded complete CKS2 mRNA data,
copy number alterations and DNA methylation
in the LGG patients in the TCGA database. We
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Figure 3. The correlation between the CKS2 mRNA expression and IDH1 mutation status in (a) TCGA database, (b) CGGA database

and (c) TIMER2.0 database.
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Figure 4. The association between the CKS2 and copy number alteration (CNA), or methylation in LGG. (a) CKS2 mRNA expression in
different CNA groups. (b) Correlation analysis between CKS2 mRNA expression and CKS2 DNA methylation.

then explored the association between the CKS2
mRNA overexpression and its copy number
alterations as well as methylation. The data
showed that 2 patients had CKS2 copy number
amplification while 26 patients had CKS2 copy
number gain (low-level amplification). Besides,
CKS2 mRNA upregulation was significantly
associated with CKS2 copy number gain
(p < 0.0001, Figure 4(a)). Furthermore, linear
regression analysis revealed that the CKS2
mRNA expression was negatively correlated
with  methylation level of CKS2 DNA
(r = -0.226, p < 0.0001, Figure 4(b)), indicating
that the upregulation of CKS2 might be asso-
ciated with the low methylation status in the
LGG patients. Previous studies showed that
DNA hypomethylation might mediate carcino-
genesis via transcriptional activation and over-
expression of oncogenes and was associated with
tumor progression or degree of malignancy
[27,28]. This phenomenon might explain the
negative correlation between the CKS2 mRNA
expression and its DNA methylation.

Performance of CKS2 in predicting the survival of
the LGG patients

To evaluate the ability of CKS2 in predicting the
prognosis of the LGG patients, we carried out
survival analysis and ROC analysis. In the TCGA-

LGG cohort, the survival analysis showed that
patients with high CKS2 expression had shorter
survival period compared to those with low
CKS2 expression (log-rank p < 0.001, Figure 5
(a)). We then evaluated the prognostic value of
CKS2 using time-dependent ROC curves. In the
TCGA-LGG cohort, the 1-year, 3-year, or 5-year
survival rate had an AUC of 0.72, 0.759, or 0.669,
respectively (Figure 5(b)). On the other hand, we
conducted the survival analysis in the CGGA
cohort and showed that, the results were consis-
tent with the survival analysis in the TCGA-LGG
cohort (log-rank p < 0.001, Figure 5(c)). Besides,
time-dependent ROC curves showed that 1-year,
3-year, or 5-year survival rate had AUC of 0.8,
0.808, or 0.736, respectively in the CGGA cohort
(Figure 5(d)).

Furthermore, we compared the time-dependent
ROC curves between CKS2 and other classic indi-
cators including LGG grade and IDH1 mutation
status in the TCGA-LGG cohort and the CGGA
cohort, respectively. In the TCGA-LGG cohort,
the AUC values for CKS2 in predicting 1-year,
3-year survival rates (0.72, 0.759) exceeded those
for LGG grade (0.692, 0.697); the AUC values for
CKS2 in predicting 3-year, 5-year survival rates
(0.759, 0.669) exceeded those for IDH1 mutation
status (0.687. 0.659) (Figure 6(a)). In the CGGA
cohort, the AUC values for CKS2 in predicting
1-year, 3-year survival rates (0.8, 0.808) exceeded
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those for LGG grade (0.782, 0.783); the AUC
values for CKS2 in predicting 1-year, 3-year,
5-year survival rates (0.8, 0.808, 0.736) all exceeded
those for IDHI mutation status (0.637, 0.675,
0.658) (Figure 6(b)).

These findings showed that CKS2 was asso-
ciated with poor outcome in the LGG patients
and could accurately predict the survival rates of
LGG patients.

CKS2 might serve as an independent prognostic
factor for LGG patients

To assess the correlation between CKS2 and the
clinicopathological parameters as well as the treat-
ment methods in LGG patients, we performed
Chi-square test in both the TCGA-LGG and
CGGA cohorts. The data showed that CKS2 over-
expression was associated with advanced grade

and chemotherapy (p < 0.05, Tables 2 and 3).
Univariate and multivariate Cox regression ana-
lyses on overall survival were performed based on
the two cohorts. The multivariate Cox regression
analysis showed that CKS2 could independently
predict poor survival of the LGG patients
(HRycga = 1.34, p = 0.002; HRegga = 1.96,
p < 0.001, Table 4).

Enrichment analyses

We divided the samples in the TCGA database
into the low and high CKS2 expression groups as
classified by the median expression of the CKS2
gene, then identified the CKS2-correlated differen-
tially expressed genes (DEGs) between the low and
high CKS2 expression groups (|log Fold Change
(FC)|>1, adjusted p value<0.05). A total of 44
upregulated genes and 13 downregulated genes
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Figure 6. Time-dependent ROC analysis of CKS2, LGG grade and IDH1 mutation status in (a) the TCGA-LGG cohort and (b) the CGGA

cohort.

were detected in the high CKS2 expression group
(p < 0.05, |logFC|>1, Figure 7(a), Supplementary
Table 5). The result displayed the significant
CKS2-correlated genes which help us explore the
potential function of CKS2 by performing the
enriched GO terms (Figure 7(b)) and KEGG path-
ways analysis (Figure 7(c)). KEGG pathway analy-
sis and biological process (BP) terms revealed that
the DEGs were mainly involved in the cell cycle
regulation. Additionally, in the aspect of cellular

component (CC) terms, the DEGs were enriched
in spindle and chromosome. In the aspect of mole-
cular function (MF) terms, the DEGs were
involved in microtubule binding and protein
kinase activity. These findings demonstrated the
potential functions of the CKS2 gene in tumor
development by regulating cell cycle and cell
division.

Besides, we carried out Gene Set Enrichment
Analysis (GSEA) between the low and high CKS2
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Table 2. Association between CKS2 expression and the clinical
parameters in patients with LGG in TCGA-LGG cohort.

Table 3. Association between CKS2 expression and the clinical
parameters in patients with LGG in CGGA cohort.

CKS2 CKS2
Characteristics Low (n = 253) High (n =253) P value Characteristics Low (n = 86) High (n = 86) P value
Age 0.026 Age 0.219
<40 137 112 <40 52 44
>40 116 141 >40 34 42
Gender 1.000 Gender
Male 140 140 Male 48 58 0.117
Female 113 113 Female 38 28
Grade <0.001 Grade <0.001
Unknown 1 G2 68 30
G2 165 80 G3 18 56
G3 87 173 IDH mutation status 0.118
IDH mutation status 0.076 Unknown 1 0
Unknown 189 192 Mutant 68 59
Mutant 51 40 Wildtype 17 27
Wildtype 13 21 Radiotherapy 0.540
Radiotherapy 0.654 Unknown 2 2
Unknown 181 171 No 16 13
No 49 53 Yes 68 71
Yes 23 29 Chemotherapy
Chemotherapy 0.005 Unknown 3 5 0.027
Unknown 182 170 No 45 30
No 40 28 Yes 38 51
Yes 31 55

Bold values indicate P < 0.05.

expression groups in TCGA database. The GSEA
data showed that DNA repair, MYC targets V1,
E2F targets, G2M checkpoint, mTORCI1 signaling,
MYC targets V2, mitotic spindle, p53 and Wnt/f-
catenin signaling pathways as well as angiogenesis
were enriched in the high CKS2 expression group
(Table 5, Figure 8).

Bold values indicate P < 0.05.

Discussion

Gliomas account for the highest cases of brain
malignant tumors. Despite aggressive treatment,
the prognosis of patients remains unsatisfactory
[29]. Among the malignant gliomas, there are
lower grade gliomas (LGGs) which include grade
II and grade III gliomas. Besides molecular

Table 4. Univariate analysis and multivariate analysis of the correlation of CKS2 expression with OS among LGG patients in TCGA-

LGG cohort and CGGA cohort.

Univariable analysis

Multivariable analysis

Variables HR 95% ClI of HR P HR 95% ClI of HR P
Lower Upper Lower Upper
TCGA (n = 506)
Age Continuous 1.06 1.04 1.07 <0.001 1.06 1.04 1.08 <0.001
Sex Male vs. female 1.1 0.78 1.59 0.56 1.32 0.91 1.92 0.14
IDH status Wildtype vs. mutant 5.29 2.08 13.45 <0.001 230 0.89 5.97 0.09
LGG Grade G3 vs. G2 343 232 5.06 <0.001 224 1.46 3.44 <0.001
Radiotherapy Yes vs. No 0.97 0.61 1.54 0.89 1.19 0.74 1.93 0.47
Chemotherapy Yes vs. No 1.76 1.06 292 0.03 2.08 1.20 3.60 0.01
CKS2 Continuous 1.57 1.35 1.84 <0.001 1.34 1.11 1.60 0.002
CGGA (n = 172)
Age Continuous 1.03 1.01 1.06 0.005 1.01 0.99 1.04 0.17
Sex Male vs. female 0.64 0.43 0.97 0.03 0.45 0.28 0.71 0.001
IDH status Wildtype vs. mutant 2.64 1.70 4.09 <0.001 249 1.56 3.97 <0.001
LGG Grade G3 vs. G2 3.58 233 5.48 <0.001 236 1.38 4.03 0.002
Radiotherapy Yes vs. No 0.56 0.34 0.94 0.03 0.62 0.36 1.06 0.08
Chemotherapy Yes vs. No 1.62 1.05 2.51 0.03 0.76 0.45 1.27 0.29
CKS2 Continuous 1.99 1.62 246 <0.001 1.96 1.54 249 <0.001

Bold values indicate P < 0.05. HR, hazard ratio; Cl, confidence interval.
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Figure 7. Functional enrichment analysis of the differential expressed genes (DEGs) in the TCGA database. (a) Heatmap showing
differentially expressed genes in the low and high CKS2 expression groups in LGG. (b-c) GO and KEGG enrichment analysis of the

DEGs.

characteristics, histopathological grade can also
affect the prognosis of the LGG patients, leading
to the enormous variability in survival outcomes
[30]. It is, therefore, important to identify prog-
nostic biomarkers of LGG.

CKS2 has been shown play essential functions in
the cell cycle. Accumulating evidence demonstrates
that CKS2 fuels the occurrence and tumor develop-
ment, as well as metastasis among many human
malignant tumors. Chen et al. demonstrated that
CKS2 could promote the progression of bladder
cancer to muscle-invasive [31]. Besides, Kita et al.
found that the overexpression of CKS2 in esophageal
squamous cell carcinoma was associated with malig-
nant behaviors and poor prognosis [32]. Moreover,
similar observations have been made in other malig-
nant tumors, such as gastric cancer [33], epithelial
ovarian cancer [34], colorectal cancer [35] as well as
prostate cancer [36], which demonstrated that CKS2

Table 5. Gene sets enriched in the high CKS2 expression group.

NOM FDR
Gene set name NES p-value g-value
HALLMARK_DNA_REPAIR 226 0.000 0.000
HALLMARK_MYC_TARGETS_V1 2.19 0.000 0.000
HALLMARK_E2F_TARGETS 2.14 0.000 0.000
HALLMARK_G2M_CHECKPOINT 211 0.000 0.001
HALLMARK_MTORC1_SIGNALING 205 0.000 0.002
HALLMARK_MYC_TARGETS_V2 203 0.000 0.002
HALLMARK_MITOTIC_SPINDLE 1.95 0.006 0.006
HALLMARK_P53_PATHWAY 1.84 0.002 0.017
HALLMARK_WNT_BETA_CATENIN_SIGNALING 1.70 0.012  0.048
HALLMARK_ANGIOGENESIS 1.69 0.025 0.046

NES, normalized enrichment score; NOM, nominal; FDR, false discovery
rate.

might be an important oncogene. Although previous
studies using qRT-PCR technique have indicated
that CKS2 mRNA was overexpressed in glioblasto-
mas, however, the CKS2 protein expression in LGG
has not been identified so far, and the role of CKS2 in
LGG is yet to be defined as well.
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In the current study, we aimed to profile the
expression of CKS2 gene and uncover its functions
in LGG. We evaluated multiple online databases,
such as the TCGA, CGGA, GEO, GEPIA2 and
TIMER 2.0. The data showed that CKS2 was upre-
gulated in LGG tissues, especially in grade III
gliomas. To verify these observations, we per-
formed THC using the LGG samples and adjacent
brain tissues, and the data agreed with the finding
from the bioinformatic analysis. On the other
hand, IDH1 status is an important molecular fea-
ture in LGG, which could affect the clinical out-
comes of LGG patients. Here, we also explored the
association between CKS2 expression and IDHI
status. Based on TCGA data and TIMER 2.0, we
observed that the CKS2 expression was upregu-
lated in IDH1-wildtype group compared with the
IDH1-mutant group. IDH1-wildtype is one of the
factors associated with poor prognosis of LGG
patients, thus CKS2 might be acting as an onco-
gene. Furthermore, we assessed the potential
mechanism of CKS2 upregulation in LGG from
the perspective of genetic and epigenetic changes.
The data showed existence of a significantly posi-
tive correlation between the CKS2 copy number
gain and CKS2 upregulation in LGG. Besides, the
data demonstrated a significantly negative correla-
tion between the CKS2 mRNA expression and
CKS2 methylation level in LGG. DNA hypomethy-
lation is common in cancer and often leads to

upregulation of oncogenes. In addition, we found
that CKS2 overexpression was associated with
advanced grade and chemotherapy in the LGG
patients. Through survival and Cox regression
analyses, CKS2 overexpression demonstrated
remarkable correlation with poor prognosis of
LGG patients and could independently lead to
the unfavorable overall survival. Besides, CKS2
showed an excellent ability in predicting the
1-year,3-year or 5-year survival rates of LGG
patients through time-dependent ROC analysis.
To uncover the underlying biological func-
tions of CKS2 in LGG, we conducted enrich-
ment analyses. We identified differential
expressed genes (DEGs) in the low and high
CKS2 expression groups in TCGA database.
Using the DEGs, we performed Gene ontology
(GO) analysis in terms of biological process
(BP), cellular component (CC), molecular func-
tion (MF) and Kyoto encyclopedia of genes and
genomes (KEGG) analysis. The results of GO
and KEGG enrichment analysis revealed that
CKS2 might be participating in cell division
and cell cycle regulation in LGG. Through the
GSEA, we screened several signaling pathways
that were enriched in the high CKS2 expression
group including DNA repair, MYC targets V1,
E2F targets, G2M checkpoint, mTORCI signal-
ing, MYC targets V2, mitotic spindle, p53 and
Wnt/B-catenin signaling pathways as well as



angiogenesis. It was reported that some path-
ways including DNA repair, Myc targets V1/2,
mitotic spindle, E2F targets and G2M checkpoint
were associated with cell cycle, cancer cell pro-
liferation and tumor metastasis [37,38]. The
Wnt/B-catenin signaling was reported to partici-
pate in cellular proliferation, migration, inva-
sion, and angiogenesis, contributing to glioma
progression [39]. The activation of mTORCI in
human gliomas could promote tumor formation
and growth [40]. A study showed that angiogen-
esis was associated with the progression of LGG
grade [41]. Besides, alterations in the p53 path-
way in LGG could promote the progression to
high grade [42]. Taken together, the pathways
enriched in high CKS2 expression group indi-
cated that CKS2 was involved in the progression
of LGG.

In summary, our study was the first to eval-
uate the CKS2 protein expression in LGG by
immunohistochemistry and explore the func-
tions of CKS2 in LGG. Our work also has
some limitations. First, there exist a large dif-
ference between the numbers of immunohisto-
chemical samples and the databases’ samples.
Therefore, more clinical samples and data
need to be collected for further validation, sur-
vival analysis using clinical data should also be
conducted in detail. On the other hand, we only
selected immunohistochemistry for differential
expression analysis, further experiments using
standard cell lines should be performed as well.

Conclusion

Taken together, our study demonstrated the asso-
ciation between the CKS2 gene overexpression and
prognosis of LGG patients. We showed that CKS2
could be a prognostic biomarker and might be
a potential therapeutic target in LGG.

Research highlights

(1) CKS2 is upregulated in LGG tissues at both mRNA level
and protein level.

(2) CKS2 expression is associated with LGG grade and IDH1
mutation status.

(3) CKS2 is related to the poor prognosis of LGG patients.
(4) CKS2 might act as an independent prognostic factor for
LGG patients.
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